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TREATMENT OP CELLULOSE FABRICS WITH CELLULASES 

FIELD OF THE INVENTION 

This invention relates to m improved cellulase treatment of a nondyed 
ceilulosic fabric, the improvement comprising treating said fabric with ceilulase afier 
the scouring step md before the bleaching step. As a result, there will be a reduction 
in pilling during at least one laundry cycle in said fabric as compared to prior art 
methods for cellulase treatment 

BACKGROUND OF THE INVENTION 

Mosi newly manufactured cotton fabrics and cotton biend fabrics have a 
handle that is rattier hard and stilf unless they are treated with iinishing components. 
Furthermore, the fabric surface is not always smooth due to small fozzy fibers 
protruding from the individual cotton fibers. In addition, after a relatively short 
period of wear, collections of lint appear on the surface (surface Hnting) giving the 
appearance of "pii!s" on the surface which causes the fabric to have an unappealing, 
worn look. In polyester fabrics, this phenomena is actually "pilling" and provides a 
simiiai- unappealing fabric appearance. The term "pilling" will also apply to ceilulosic 
fabrics in the instant application. 

Fabric softness and sraoothness can be obtained by iising finer, i.e., higher 
count value, yams in the mai\ufacture of a given fabric. A second method, building 
on the fnst approach is to use yanis prepared by the ring spiiming process as opposed 
to the less expensive open-end process. However, the resulting cost is higher and 
fabric output decte^es concurrently with the yam count. 

A less expensive way of ensuring a soft and smooth fabric "handle" is to 
impregnate tlie finished fabric with a softening agent, typically a cationic, sometimes 
silicone-based, surface active compound. However, this treatment doe.<5 not remove 
pilis and fuzz. Fiirthemore, the fabric obtains a somewhat greasy "handie" and i.s not 
wash-proof and its moisture absorbency is often cotisiderably reduced. This approach 
can have a negative influence on other wet processing steps, notably in 
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causing an uneven dye uptake by the finished fabric. 

Another knowi method for obtaining a soft and smooth fabric is treaiiag 
celluiosic fabrics witli ccliuiascs. See Bazin et ai,, "Enryitiatic Bio-Polisiiiag cf 
Ceiiulosic Fabric," presented at the 58th Congress of tlie Association of Chemists and 
5 the Textile Industry in Mulhouse, France (October 25, 1 991) and Asferg et al, 
"Softening and polishing of cotton fabrics by celiulase treatmcm," ITB 
Dyeing/Printing/Tinishing (February 1990). 

Celiulase treatment of the fabric surface improves fabric <|uaiit\f with respect 
to handle and appear^mce without loss of fabric wet^abilit>^ The most important 

1 0 effects are less fuzz and pilling, increased gloss/luster, improved fabric iiandle, 

increased durable softness and improved water absorbency. These effects are referred 
to as biopolishing effects- 
Various metiiods involving celiulase treatment have been disclosed m the art. 
For example, WO 9320278 discloses that biopolishing is achieved during the 

1 5 manufacture of celluiosic fabrics by successive { 1 ) celiulase treatment of the fabric 
without significant raecbaaical treatment, then (2 1 mechanical treatment. The benefit 
of mechanical action is also disclosed in Cavaco-Fauio et al, 1994, Biocataiysis 
10:353-360. Cavaco-Paulo et al., 1996, Textile Res. J. 66:237-294 discloses that at 
low agitation levels, pretreatment with moaocomponent endoglucanase did not cause 

2 0 significant weight loss in a cotton fabric. At high agitation levels, significant weight 
loss was observed along vAih microfibrillar material torn away firom the fiber surface. 

Although th s impro\ed removal of surface fibers and imj i% sati<^ factory m 
tht 1 ibor itot s 'v'^^ It 1. 1 mu i 

actum m fh^ U tv 1 (.. J - t ^ a m (.hii (.ai i tioi th ; 

1 i ^ai ti baiCf -^i" t c ta ■> iv u prc^cmmg less opnojiji l^ for pi ' l md an 
unsv. islactor\ aesihv,*iv app^-aiaiicc o^ *1 c tabnc when puicnasod b> tne caitoratr 
The outgrowth of this change is that the more aggressive multicomponent celidases 
like those produced by Z iongibrachiaium are used to minimize piiling in the treated 
fabric For example, WD 94 12578 discloses tlie txeamicnt of a celluiosic fabric 

30 comprising (a) a first treatment with a celiulase to achieve a weight loss of 0.05-10 
wt% of the fabric; (b) a second treatment with a celiulase to achieve a weight loss of 
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0.05-10 wt% of the fabric after step (a), 

CelluiaL?c iie:-ttme::i has also been found to reduce iint. U.S- Patent No, 
5,466,601 discloses a process that selectively removes embedded cellulose iint 
precursors from a cotton fabric by applying a celiulase solution continuously duiiiig 
the manufacturing process. 

In the batch processing of cotton fabrics, naraeiy interlock knits, the ceilulase 
treatment has been applied at the end of the processing process, oii tlie scoured, 
bleached, and dried fabrics (See Cavaco-Paolo ei al above). In some cases, the 
celiulase treaiiT^ent has been attsropted after Hie dyeing step with: mixed results (W. R. 
Goynes et ai. Textile Chemist and Cobrist, December 1996, p, 25 - 29) on either the 
finished fabric, or after conversion, to garmsni form. Not much attention given to the 
morphology or fee chemical content of the cuticle and primary wall of the cotton 
fiber. Published reports describing the make-up of tiiese parts of the cotton fiber 
describe die presence of various lipids, protein, and carbohydrate polymers including 
poiygaiacturonic acid partially esterified as the methyl ester. (Carpita and Gibeaui, 
The Pkm( Journal (1993) 3(1), 1 - 30). 

During the cotirse of scouring iu-d iUkalhie peroxide bkachiag.'brightsning 
certain chemical changes will occur in both the cuticle and primar>' fiber wall. These 
changes are important to tlie fmal acceptance of fabric, and how it behaves in further 
processing and final use. During tlie application of caustic, in either the scouring or 
bleaching/brightening process, the fiber wall would undergo a swelling process due to 
the charged carbohydrate polymers present, or due to tl;e oxidation caused by the 
action of peroxide, 

* "»nct ibi d 1 0 vt, cr th 1 1 ifr \ to ai these pv^l mcrs ^ i u i oer 
ah h ion nd ac^e-> < the t brd iiv o*- " s pon \lKhtht iD'iis l ^ ^nis 
.Uvi,bs..ir\ to remote the male iJ-^ >\liich letcr cau c the pdhi g trtrect 1 1 '■amt 
effect is knowr^ in wood ilbers and is termed '^homification", wliich implies that the 
drying of the pulp fiber wall so changes the subsequent rehydration as to significantly 
impede water regain. This is of some consequence in the processing of recycled fibers 
and titer icci>nscrsu'-^ into paper This same cffeel \>hcn apphed to cotton fibers 
atte- iht> h u l been once rehydraied and dried, js a W3.y tc explain the need for higher 



ieveis of mechanical agitation to achieve a measarable effect witli some classes of 
cellulases. 

It is ail object of the present invention to provide an improved eiizymatic 
process for treating cellulosic fabrics. 

it is also an object of tlie invention to reduce piliing of a fabric during 
subsequent launderings. 

It is also ait object of tiie present invention to improve the uniformity and rate 
of dye uptjike during tJie dyeing stage of a dyed fabric. 

SUMMARY OF THE INVENTION 

The inventbn is directed to an improved process for treating a nondyed 1 OO^o 
celluiosic fabric with oellulass comprisingscouring sdd fabric under a^^d^ae conditions, 
treating said fabric wsh ceijulasc bleaching said febric and drying the fabric, in which fee 
impicvemeni compiises ireatingthe f^ric with ceiluiase before the bleaching step. As a 
result, there is a reduction of piliing during at !ea<;t one faurdry cy de as compared to the 
pr!<'r art method Reduction of pilling also occurs in said cellulosic fabric wiien said 
fabric is treated with cellulase according to tiie method of the presetit invention as 
compared to when no ceiiuiase treatment is applied. Biopolishing effects wiB also be 
adifeved. 

As defined herein, a "laundry cycle" is at least about 43 minutes atid iaclndes 
washing and drying. In one embodiment, a laundry cycle is from about 45 minutes to 
about 120 minutes. In a preferred embodiment, a laundry cycle is from about 45 

minuies to about 95 r!;;vuie.s. 

in a prefened en'ibodiment, pilling in a fabiic is reduced during at kit.'St five 
laundry cycles. In a most preferred embodiment, piUing is reduced during at least 1 5 
iaundiy cycles. 

it has surprisingly been found that by moving the ceiiuiase treatment 
(biopolishing) closer to the front end of the wet processing steps, the ceiiuiase can 
more easily have access to the flbriis/inicrofibrils v-iiich cause linting and piliing in tlie 
finished fabric. Therefore, mechanical agitadon during the biopolishing step becomes 
much less important in aclneving a iesseaed tendency for the fabric to form surface iint 
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pills, 

In comrasi to processes disciosed m the prior art, both a rrraiticomponent 
and/or a monocoroponent ceiiulase may be used. Additionally, only one cellulase 
treatment is necessary. 

In the process of the preserst invention, ceHuiase treatment is near the 
begijming of the wet processing sequence. Therefore, any fibri!s/fmes produced by 
the celiuiase treatment should have a greater opporti^nity to diffuse out of and away 
from the fabric to produce Jess troublesome caiT>'over into the fabric conversion stage. 

The method of the present invention fanher has tlie advantage of eliminatiag 
the necessity of a ceilalase inactivation step, since tiie ceiltilase treated fabric is 
subjected to an alkaline peroxide bleaching step afkr the biopoiishing step, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the experhnentai strategies for biopoiishing during wet 
processing. 

Fjgiire 2 shows the burst data for various samples. 

Figu3-e 3 shows Nu-Martindale PUling for Sco«r:Biopolishing:Bleach sequence. 
Figure 4 shows Scour:Biopolish:Bieach Piling after Washing/Drying 

Treattnent- 

DETAILED DESGRn^TION OF THE INVENTION 

The present invention is directed to an improved process for treating a 
nondyed 1 00% celkdosic fabric. The 100% celUilosic fabric may be a cotton, ramie, or 
man-made celiuiosic, especially those made using fibers produced via the Lyocell 

process. 

lhe|uc- iA/tt d .1 volve^^ ioui Sle^^ 1 1 jp , ih^ labn rv.nn.t i 

oj K u HI aiUiK MtivCM)is, blcachm^; Lie ce lalasc treated fanrK .lk i ifu 
the bleached iabr.L \t.ditiont'iIv the meihoC of ihe in\cnt on -na} "urinet ^oropns. 
the step of dyeing said fabric afcer bleaching and before drying. The steps involved in 
the process of the present invention are described hi detail below. 
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Scouring 

During ihe scouring siep, the fabric is creared wiih a scouring agent, which 
inclades but is noi limited to sodiuni hydroKicie. soda ash, irisodium pkosphste, and 
other aikatine materials, which produce ai: elevaied pH In addition, surtacTa;u{s) 
5 would be included under tiiese alkaline conditions. Such surfactants couid include 
non-ionic, anionic, or mixtures or such surfactant classes. The scouring stage wi!i 
usually be perfonned at elevated temperatures {80-lOO°C) and for periods as long as 
about one hour and preferably at least about 30 minutes at that temperature, 

10 Celiulase Treatment 

The process of the invention comprises celiulase treatment of the iabrs.c^ I he 
celiulase to be used according to the present invention may be lany celiulase having 
celiuiolytic 3Ctivit>', i.e., hydrolyzes cellulose, either in ihe acid, the neutral or the 
alkaline pH-range and having cellobiohydrolase, exo-celiobiohydrolases, 

15 endoglucanases, and'or beta-giucosidase activity (multicomponent or 

monocomponent). The celiulase may be of fungal or bacterial origin, which may be 
obtainable or Isolated and purified from microorgimisms which are knowTs to be cap- 
able of producing celiuiolytic en2:>'mes, e.g., species of Hi^micola, Caprirms. 
Thielavia, Myceiiopthora, Fusarium, Myceiiophthora, Acremonium, Cephaiosporium, 

2 Q Scyiaiidmm, Pemcillhm or Aspergilii/s (see, for example, EP 45 8 i 62), especially those 
produced or producible by a strain selected from the species Humicola insolem 
fVeciassified as Scytalidlum thermophUum, see for example, U.S. Patent No. 
4,435,307j, Coprims dnereus, Fusarium oxysporum, Myceiiophthora thermophila, 
Meripiius gigantem, Thielavia isrresiris, Acremonium sp., Acremonium persicimm, 

Z' •UwmoniM-'i aiianomuir. iaf i \ . t 'C'tcniu>n 

'MikroiKO^rLrun:, A<-femonium 0PC^^.u.:\7. .-i^^re^rwrjUT v /i^'i.r (omae, Ac <:n.im<urn 
r(\seo;r'^i'cu};: Acrcm'i'nw'-j mcoloratum, ^ndAcremontin' ''iiKiii f pje„>!3Mv from 
tlie species flumicola msolens. DSM ISOO. fusanum oxysporum, DSM 2672, 
Myceiiophthora thermophila, CBS H7.65, Cephalosporium sp., RYM-202, 

30 Acremonium sp„ CBS 478.94, Acremonium sp., CBS 265.95, Acremonium 

persicimm, CBS 169,65, Acremonium acremonium, AHU 9519, Cephalosporium sp.. 
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CBS 535.71. .-jc7 s?,v;o/;.'?i.'?; bn^chypenium, CBS Acremonium 
dichnmosparum, CBS 683.73, Acremonium ohclavatum. CBS 31 1.74, Acrsmonium 
pinksrtoniae, CBS iSl.lQ, Ao'smonhim roseognseum, CBS 134,56, .4 c?-£;»ic«2:i/K 
incoloratum, CBS 146.62, oxA Acremonium fur atum, CBS 299.70H. Cellulase 5«ay 
also be obtainable from Trichoderma (particularly T, viride, T. reesei, and 7\ 
kor.ingii), aikdophilk Bacillus (see, for example, U.S. Patent No. 3,844,890 and EP 
458162), and Stt-eptomyces (see, for example, EP 458162). 

The cellulase used in the method of the present invention may be producsd by 
feaneaUntion of die r.-^k.T:i;\" ned rrJcrobi::} sirain on anuirieni medium containing 

suitable carbon find nitrogen sources and inorganic salts, using procedures kno vvn in 
the art (see, e.g., Bennett, J.W. and LaSure, L. (eds.). More Gene Manipulations in 
Fungi f Academic Press, OA, 1991). Suitable media are available from commercial 
suppliers or may be prepared according to published compositions (e.g., in catalogues 
of the American Type Cuilwe Collection). Temperature ranges and other conditions 
suitable for growth and ceMulase production are known in the art (see, e.g., Baiiey, 
J..E,, and OlHs, D.F., Biochemical Engineering Fundamentals, McGraw-Hill Book 
Company, NY, 1986). 

As defined herein, the term "fermema^io^" is any method of cultivation of a 
cell resulting in the expression or isoiadon of the ceiluiase. Fermentation may, 
therefore, be understood as comprising shake flask cultivation, small- or large-scale 
fermentation (incl tiding continuous, batch, fed-batch, or solid state fermentations) in 
laboratory or industrial fermentsrs performed in a suitabb medium and under 
conditions allowing the ceiluiase to be expressed or isolated. 

The resulting cellulase produced by tlie method.? described above may be 

not l.mitcd to, oeatntugatson, filnauon, spray drying, svaporatktn, or piectp:: tti> n 
The recovered protein may then be fnrtlicr purified by a variet)" of chroindi<\jrjpi.Ei.. 
procedures, e.g., ion exchange chromatography, gel fiitration chromatogrtiph} , afiln;i> 
chromatography, or the like. 

The celltilase may be a multicomponent or monocomponent cellulase. An 
example of a mniticompoi^ent cellulase is Ceikisoft l"", which is produced by a 
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Iru ^,i,i-<.'>rc -4. d\h\ :-urpUcJ by Novo ;s-oai:sk .-VS. Denmark. A rvonocomponent 
rei'-jlao-c is ^ c^1n^poncr.: i;ss.:naal;> iroc of other cellulaso :o-;::ponoru< 
oo-urring ui a celiujase system produced by a given micro* inarusnj. 1 r.e 'wr.gk- 
component may be a recombinant ccmporient, i.e., produced by c'lomng of a DN A 
sequence encoding the single component and subsequent cell transformed with the 
DNA sequence and expressed in a host, of. e.g. International Patent Applications WO 
91/17243 and WO 91/17244 which are hereby incorporated by reference. Other 
examples of monocomponent cellylasss include but are not limited to those disclosed 
in JP-07203960-A and WO-9206209. The host is preferably a heterologous host, but 
the host may under certam conditions ahso be the homologous host. 

In a speciiic eiDbodiment. the iBonocomponent cellulase is Celiusoft Uhra 
which is supplied by Novo Nordisk A/S, Denmark. This cellulase is a variant of a 
monocomponent cellulase produced by Hnmicola sp. In another embodiment, the 
cellulase is an optimized combination of a muiticomponent and a monocomponent 
cellulase, designed to provide enhanced biopolishing results on cotton fabrics. 

Enzyme dosage grmtly dtpend.s on the enzyme reactioji time, i.e., a rsMvely 
shon enzyrr^itic leactioatime necessfiates arelatkeiy increased enzy me dosage, and vies 
versa. The reaction.s m;^' be run at apPi of aboiu 4 to about 9.5 at a temperssure of 
about 10 to about dSQ for about 1 •nimue to about 72 hoiiK. if the pH is bet^veen 
aboiit 4 and about 6.5, an enzyme dos^ of about 200 to about 2,000 EGU/kg fabric is 
used EGU stands for endoglucanasse units as measuied by a viscosity chance in 
carboxy methvlcelktlose {CMC) at pll 6.0. It is defined in Novo Nordisk Analytical 
Mettod AF 275/1 -GB, available on request ftom Novo Nordisk Biochem. ff thepH is 
betv.een abait 6 . 5 to about 9, 5 . an cozy me dosage of about 1 . 000 to abot£ 1 0,000 
ECU/kg fabric is used. Ehdo-cefiulase units, as determined by a viscosity change in CM C 
at pi I 7.5, and d<Sailcd in Novo Nordisk Ana^'ticat method .4F 302. 1/1 -GB, available 
fromNovo Nordisk Biodaem. 

Bleaching 

During tiie bleaching step, the rabric is treated with a bleaching agent which 
includes but is not limited 10 hydrogen peroxide, sodium hypochlorite, and'or sodium 



chlorite. Peroxide bleadimg may be performed using, for exampte, a dye beck Jet *er, or 
J-tvfce app eratus by ap p }y ing a poroxide bleaching li<por to the fabric. The individual 
chemical cmstituents in the bleach Iquor tnay be 0,5-2% (on wej^it of fabric, owf) 
hydrogen pero>ade, 0.5-2% sodiutn hydroxide, 1-4% sodium silicate (42 'Be), 
diethylenetiianiioepentaEcetic acid (DTP A) ss its sodium sail. The bkash li^or may 
flirtiier coup rise a surfa;tant, a lubiicant mdlor a stabSizer. Both the dye beck md jet 
dyer are batch processing xmits, and the bleaching would be run for as littieas 30 
minutes, mi as long as i 50 tarn, at tsmperaiures as low m 50 C and as high as 85 C, 

\ he cad V. i cutd tunc, the MeacUin i hquoi '~t,^^eiCd ^nd the (ahnc 
IS ^v i hcd .n Jilut. w c^k 1 ^.ontamu^g a r.'di'f at en- (< 2 srai ur bisulfite 
(c-wf) 01 ^oa a-T thiosvUtdto t tn aoi rah/e t.ie residaal c.n.^ .'no m k io ' n ' 
ftiither fresh water nn^t:, die facnc couid be. dyed or dxied .suo-^equcn.. to dn> turthc 
processing. A general treatment of cotton fabric bleaching is provided by W. S. 
Ilickman, Rev. Prog. Coloration, 26, 29 ~ 46 (1996). 

Dyeing 

A dyeing step may optionally be inserted bettveen the bleaching and dr>'ing 
step. Ceiiuiosic fabrics 'dxc dyed using several classes of dyestuffs, including both 
direct dyes and reacuve dyes. Dirsci dyes tire dependent on the afflnit)' of the 
dyestufT for the ceiiuiosic matrix in the fiber. The rate of dye uptake may be increased 
by adding an inorganic salt to the dyebatli to help increase the rate of dyeing and tlie 
fmal color yield. 

An example of this procedure, ASTM Standard Method D i464-9C published 
in the .Ajinua! Book of ASTM Standards, by the American Society of Testing and 
M.u^riuU. ^'ace St , Phdddclphaa. ^ * ■ Ihu method uses both a 
d-r-.'-t and a direct jn,:on uve to ehai:.c'.r.^e ;he h.hax m c^^xjtton lathis 

example, the iq ph.c itier. vif :he ;vyO dyep can niovide an t:.^ .c-\ >v. iic -i-Litu e 
nialarity of the fibeis contahicd in the fabrie and thus scrveu a., i;a:aiyticai iml. 
Applying direct dyestuffs alone or in other combinations can provide a fabric of the 
desired hue for end-use, 

Reactive dyestufrs contain a fiinctional group which will react with a hydroxyl 
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residue on the celiuiose tjackboris. m a specific embodiment, Tne appUcaiioK ;s 
UiUdL^ s ■> t!^ th v.^.. it It 

th t hio cTuct (his 11 b . s i LUij u aW 

i (iuiv ]c dv. ir <<^iuv uiiatO to 'p^ ovfba h tonumiri^ h ^> t^ihD of rt 
dye in the dysbath. After the adsorption step is compkted, the pH of the dyebath i.s 
increased (> pH 1 1) by adding a source of hydroxy! anions to the dyebath, Tne 
subsequent ionization of the celiulosic hydroxy! groups causes them to react with the 
reactive moiety on the dyestuff, and thus fixes the dye to the fiber. There ai-e several 
classes of reactive dyes including but no limited to those with monochlorotriazine, 
dichlorotriazinc, and vtnylsulfone reaciive groups. To a jet dyer containing both tlie 
fabric and water at- 10 - 15:1 liquor to goods ratio, the selected dyestuff will be added 
at 2 - 4% dyestuff owf. The iaorganic salt will be added (4-10 % owf j and the 
heating cycle will be started , After a given amount of time to assure sufficient dye 
adsorption by the fabric, and at a desired temperature, a caustic preparation sufficient 
to increase the pH to H or greater will be added, and the dyeing cycle will continue 
until judged complete. 

The dyeing liquor may then sewered, and the fabric is subjected to several 
rinses with fresh water to assure that the dyestuff, which failed to react wth the 
fabric, is removed. 

Drying 

One standard dr>'-ing method applied to knit fabrics after wet processing is to 
dT>' them m\der restrained conditions in a piece of equipment like a tender frame. In 
this unit, the fabric is held furmly between two moving chains, which can gra.<?p the 
Mivk tlrmly cn each of the two sides. The fabric is moved through some form of 
oven.s which will dry the fabric in restrained .td.shion. At the end of this dr>'ing 
proce>:s iiie fabric can be taken up in roil form, or subjected to further treatment like 
slitting,, singeing, etc. 

Another drjdng process applied to iextiie fabrics is to pass tlie moving fabric 
across heated dryer cans, alternating the fabric sides which will equalize the rale of 
dr}'ing In the two surfaces of the knitted Uibe or woven fabric. 
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EXAMPLES 
Example 1 
ExperimeBtal 
Equipment: 

Wemcr-Mathis JFOjet dyer, sold by Werner Mathis, U.S.A., Concord, NC. 
Nu-Mard.ndale pilling tester, James H. Heai, and sold by Crosrol, Inc., Greenviiie, 
S.C. 

Mullen burst tester, manufactured by B. F,, Perkias, Chicopee, MA. 
Macbeth OMS-1 Optiview, manufactured by Macbeth Division, KoUmorgen Instr. 
Corp., New Windsor, NY, 
Balance, pH meter, etc, 

Chemi cal.s/Enzyin es : 

Enzymes: CeOusoft Ultra", 162 ECU/g (Novo Nordisk, A/S);CelIusofl l" ,S10 
EOU/g (Novo Nordisk A/S); Mixture A, 302 EGU Ceilusoft ^ 112 ECU CeDusoft 
Ultra"** /g 

Buffer; 0.05 M sodium acetate, from sodium acetate irihydrate, adjusted to pH 5 +/- 
0.1. 

a-)e>'Tiicais: Discoterge i467 is a proprleiar- scouring aid made and ut'iU-ibLtied by 
Callaway Chemicals, Columbus, GA. it contains, among oiher dviags 3 suifactaat 
blend suited for scouring. Levapon HI is atextiic peroxide bleaching siabiiizer 
manufactijred and distributed by Bayer Corp., Rock Mill, SC;. inhnasier 750 iioaionic 
surfactant from RI\one Pouienc (Used at 0.5% ov^f (on weight of fabric) in alkaline 
scour, at 0, 1% ovvf for biopolisldng, and at 0.25% owf in peroxide step.) Inkmaster 
7.50 i.^ described in European Patent 0 717 144 Al as being a nomonic surfactaM made 
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from a straight chani or branched alcohol having a csrbon no. of from 16 - 20, 
oxyeibyiene groups from 10 to 20, oxypropyiene groups between 4 to 8. l-!ydrogen 
Peroxide, 50%, is from Aldrich (Catalog item 42,065). Sodium silicate, 42 'Be, 
contains 14% NaOH and 27% Si02 (Aldrich Catalog item 33,844-3). 

Fabric: An unbieached cotton interlock knit fabric is used as test fabric. The weight of 
this fabric is - 200 g/ sq. meter. 

Couditions for Individual Steps: 

Alkaline Scour 

A tube of mibieached cotton knit test fabric is prepared by slitting a 5.5 m 
length tube of the as-received fabric. Each .5.5 m piece will then provide, upon 
seaming, two tubes suitable for biopoliishing. The sewn tubes are conditioned in the 
constant temperatuxe and hmnidity room overnight prior to weighing. 

After weighitTg, tlie tube is washed in a standard Kenmore washer, centrifuged 
to remove excess water, and placed in the Mathis jet dyer. 'Ilie alkaline scour is nm 
using 2.5% sodiiun hydroxide owf (use 50% aqueous sodium hydroxide) and a 
detergent accordir>g to directions. The scouring is done Ui;ing a 7.5:1 liquor; goods 
ratio, and 90 C tor 60 n-iri. The desired flow rate is - 75 I'min, and is determined by 
foam levels in the unit The winch speed setting is 13, which corresponds to a fabric 
speed of 16m/min. 

At the end of the scouring sequence, tlie liquor is dropped, and as much of the 
residual liquor is stripped from the tube by continuing to operate tlie winch, A 
solution of acetic acid (2% glacial acetic acid, owf) in 18 I of warm water is added, and 

ihe jet is rusi for a funher 10 min to neutralize the residual caustic. 

BiopoJishing 

The biopolishing stage is run at a liquor:goods ratio of 7,5:1 containing 0,1% 
Inkmaster 750 owl The buffer used is 0,05 M sodium acetate at pH 5; a concentrated 
buffer solution is added to the rcquii-ed voiume of warm water in the jet dyer's holding 
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tank. The diluted buf&r soiutjon is added to the iafaric, and allowed to circulate 
■ through the jet dyer for about 5 min, before withdrawing a 200 ml aliquot used to 
measure the liquor pH. If the pH Is high, small amounts (I -2 ml) of glacial acetic acid 
are added to acluevc the target of 5 0. 1, 
5 Once the pH is achieved, the uait is programmed to nm for 60 rain at 55 C, 

The enzyme is added when this temperature is achieved. At the end of the 60 min. 
biopolishing period, the liquor is dropped, although small amounts are removed to 
examine for tiie presence of liberated fibers. Again, the fabric is run across the winch 
for a short period to strip any free liquor from the fabric. 

10 

Peroxide Bleaching 

4 g of DTPA and the desired amount of surfactant is suspended in one liter of 
water and stilted with a magnetic stirrer; suftlcient caustic is added to the DTPA 
suspension to bring it in solution as its sodium salt. A separate preparation which 
1 5 comprises 2% (owf) of 50% NaOH is weighed oat and combined with an additional 
3% {owf) of sodium silicate (42 'Be), 

Warm tap water is charged to the holding tank; with the one liter of 
DTPA:suiiactani added to it, the volume is sufficient so that the total with the will 
provide a 7.5:1 iiquor:goods ratio. The liquor is dropped into the jet dyer and 
20 programmed to achieve a temperature of 70°C, and to remain there for 60 min. 

Hydrogen peroxide, 50 %, is weighed out to provide 1% of 100% active 
material owf. It is added to the jet dyer when the temperature, 60 C, is achieved and 
allowed to circulate. The combined caustic/silicate charge is added as the temperature 
approached 70 C. Dilution and wash liquor for this material is removed from tlio 
25 dyer. Extreme fbaming is obsen-ed at this stage, and the liquor flow may need to be 
slowed to minimize the foaming potential. 

After 60 min. at this temperature, the liquor is dropped (sewered), but liquor 
samples are collected to visually examine for the presence of fibers liberated during the 
proces.s. Again, any ires liquor is stripped from the fabric by running the winch after 
30 the liquor has been dropped^ 

The fabric is washed using 1 ? 1 of waim \vater which contains 2% (owf) of 
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glacial acetic acid cixvi 2% (owf) of sodiuin Ihiosulfate. After 15 min, ihis is dropped, 
and a fiiither 1 8 1 of warm water h added for a naa! 1 0 min. wash. 

The fabric tube is removed, centnfuged, and dried for 50 min. in a tumble 
dryer. 'The lint is removed asid weighed, and tha fabric was dried tor a fiiiiher 20 min. 
The tximbie-dried knit tube was aliowed lo condition under AAICC conditions (65% 
Relative humiditv' + 2% and ?o' F ± 2) for at lea.st 24 hr. 

Results 

Filiiag 

The data ccsntaino! in Tgble 1 coxnpjtfes pillitig restdts obtained with ths Scoir - 
Biopoiish - Bleach/brighten - Dry method (Sainpie "A") described above and with 
the same f^ric "dopoli^ed after is has undergone a Scoisr—Bleadi— Dry treatment 
(Sairple "B") usii^ a commercial multicomponeot ceHulase mijauie (Celhsoft L), a 
comnx?rdal monocomp onent ceSulaseCCeUui^ft Ultra'*) and a mixture of CeOisoft L 
andCeilusoft Ultra'^. It is necessary to inactivate residual cellulase activity in the 
Siimple ''B"tabrics usinga 2 % (owl) sodium carbonate trtatinent at 80 C for 20 mia 

The amount of puling is detecnined by mounting tlie fabnc specimen samples on 
aNii-Martiixlaie pilliiig tester. This unit has a counter which counts the number of 
revohuions which the fabric has ejqjerienced li autoniatically shuts off after 125, 500, 
and2000 revolutions aibwingthe operator to makea visual comparison of the amount of 
pilliiig with st andards supplied with the unit. The whole operation is run as is ASTM 
M eilKi'd D 4970-89. The measureEuent scale goes from 1 .5 to 5, with the up per values 
rep lesenting no/Tittle pilling at thepoiat where the observations are made. 
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Table 1 



Pilling Valaes of Treated Fabric 



Treatment 


Sample 


125 Rev 


500 Rev 


2090 Rev 


Wash Oiiiy 




1.5 


1.5 


1.5 


Scour/Bieach 




1.5 


i.5 


1.5 


Cellusoft Ltm 


A 


5 


4.83 


4.5 




B 


4.83 


4 


3.75 


Mixture A 


A 


4.92 


4.58 


3.92 




B 


4.92 


4 


3.58 


Ceilusoi^ 
UltraTM 


A 


4.5 


4.25 


3.92 




B 


4.17 


3.58 


2.83 



5 It is clear that superior results are obtained whca the biopoiishing step is added as an 
intemicdiate step between scounng arid bleaching. (Scries" A"). 

Physical Property Changes 

Any large physical properly change in the kiiit fabrics is undesirable to the 
10 coxnraercial acceptance of this coricept. The burst propeny in the Mullen Burst 
Tester is the pres.'sure required to nipvure the fabric, is measured in psi (pound.s/sq. 
in.) and is the physical propertv' used as a guideline here to monitor changes caused by 
the ceiiuiase during these treatments. The tests were peribrmed using the Mullen 
Tester, Model C, manufactured by B. F. Perkins, Chicopee, MA. This test method is 
1 5 described in ASTM Metliod D-22 1 0-64 which measures the force required to rupture 
the fabric beitig tested by a hydrauHcally driven diaphragm. The fabric is tested in a 
re.strained state; tlie force to rupture this fabric is measured in pound.s per square in, 
KYU). Thib riicihod a vscli kr.nvvT. technj^ii:.;, aiid is used in the textile mdub-trv' and 
other industries where burst or luptare properties die unpoitan: in i\x ua.t 
2 0 performance of the product. 

Figure 2 and Table 2 contains the burst data for the best-perforirting samples 
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as seen from the pilling results. The baseline valms for -wash only and scour/bleach 
only are comparable, and would indicate ihai the scouring and bleaching conditions did 
not urmecessaiily tender the fabric. Only a small decrease in the burst vaines is 
observed for the Celiusoft Ultra™, Mixture A, and Cellusoft L™ treated sampies. 
5 Achieving a minimal loss of physica! properties, here measured by the Mullen 

burst property is important to the end-user of the fabric, since larger losses of 
physical properties couid be reflected in premature failure of the garment made &om 
the fabric. It might also be reflected in unexpected failure in the wet state, since the 
fiber properties when wet are inferior to those of the dr>' state fiber. 

10 

Table 2 
Burst Values 



Sample 


Ave. Burst, psi 


Wash only 


114.3 


Scour/Bleach 


114.3 


Ceilusoft L ' 


93 


Mixture A 


96.5 


CeUiisoft Ultra " 


97.3 



is Example 2 

Experimenta] 

Equipment 

20 The equipment used in this exaanpie is the same as that used in Example i • 

Tests/Analysis 

Pii!mgrNi;AfarUndalc> AAlCr ...w ^ T-jst MctlW 124-1096, with 

visuui ptll e\arnmdaon alter ^, 15, and 30 c>c;es. and Mullen bur^t test on lahrsc.v after 
.? 5 scour:biopoIlsh:bleach treatment. 
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Chtmicais/Enzyraes 

The enzymes, buffer, fabric and oihsr maieriais used are the same as in Example 1 
except diat Celiuaoft, L has aii activuy of 783 EGU/g is used. 

Conditions for Individual Steps: 

Alkaime Scour 

A tube of imbieached cotton knit test fabric is prepared by slitting a 5,5 m 
length tube of the as-received fabric. Each 5.5 m piece will then provide., upon 
seaxuing, two tubes suitable tor biopoUsi^ing, The sewn tubes are conditioned in the 
constant temperaturis and humidity room overnight prior to weighing. 

After weighing, the tube is washed in a standard Kenmore m.sher, centrifuged 
to remove excess water, and placed in the Mathis jet dyer. The alkaline scour is run 
using 2.5% sodium hydroxide owf (use 50% aqueous sodirnn hydroxide) and a 
detergent according to directions. The scouring is done using a 7.5:1 liqtior; goods 
ratio, and 90'c for 60 min. The desired flow rate is 75 L/min, and is determined by 
foam levels in tiie unit. Tlie winch speed setting is 13, wiiich coiTcsponds to a fabric 
speed of 1 6 m/min. 

At the end of tlie scouring sequence, the liquor is dropped, and as much of the 
residual liquor is stripped from the tube by continuing to operate the winch. A 
solution of acetic acid (2% glacial acetic acid, owf) in 18 I of warm water is added, and 
the jet is run for a further 10 min to neutralize the residual caustic. 

Biopolishing 

The biopolisiiing stas-'C run a i;qi;-r' goods Tnuo M"/ ^,1 containing 0.1% 
inkmaster 750 owf (surfactant). The buffer used is 0.i)5 M sodium acetate pH 5; :i 
concentrated buffer solution is added to the required voluitie of warm water m ihc jet 
dyer's holding tank. The diluted buffer solution is added to the fabric, and ailovvcd to 
circulate through the jet dver for about 5 min. before withdrawing a 200 ml aliquot 
used to measui^ ih. ^ ^' . If the pH is high, small ainounts (1 ~2 mi) of glacial 
acetic acid i? added to t.(. bu-^ t- tiie target of 5 -^l- 0, 1 . 
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Once the pl-I is achieved, -.jvi; -.s prcigraninied lo n.ui for 6i) min at 55 C. 
The ciizymc is added wh^n this temperauire is achieved. Ai tiie end of the 60 min, 
biopolisiiing period, the liquor is dropped, altiiough small airioums are removed to 
examine for the presence of liberated fibers. Again, the fabric is nm across tlie winch 
5 for a short period to strip any free liquor from the fabric. 

Peroxide Bleaching 

4 g of DTPA and the desired amount of hikmaster 750m (0.25% owf) is 

suspended in one liter of water md stiiTed witl^. a magnetic stirrer. A separate 
10 preparation which comprises 2% (owf) of 50% NaOH is weighed out and added to 

the DTPiVInkmaster preparation and combined with an additional 3% (owf; of 

sodiian silicate (42 'Be). 

Warm tap water is charged to the holding tank; with the one liter of 

DTPArsurfactant added to it, the volume is sufficiem so that the total with the will 
15 provide a 7,5:1 liquor:goods ratio. The liquor is dropped into the jet dyer and 

prograiurned to acliieve a tempeiatiu'c of 70 C\ and to remain there for 60 niin. 

Hydrogen peroxide, 50 v\t %, is weighed out to provide 1% of 100% active 

material owf. It is added to the jet dyer when the temperature achieved 60*C and 

allowed to circulate. The combitied caustic/silicate charge is added as tiie temperature 
20 approached 70'c. Dilution and v/a,sh liquor for this material is removed from the 

dyer. Foaming is observed ut s ^ta^c, and the liquor flew is slowed to reduce the 

foaming potential The foaramg dec-^jase.s as the bisacntj^g ^tage ]>u>ceeded 

After 60 mm at tl.s tcrvieiatu't ta.; 'un\>r ^ = J- : ^ J i '. ' n<n 

samples are collected to visually examine foi the presence of libera liberated vlur;r.!a tl^e 
23 process. Again, any free liquor is stripped from the fabric by running the winch after 

the liquor has been dropped- 

The fabric is washed using 18 1 of warm water which contains 2% (owl) of 

glacial acetic acid and 2% (owf) of sodium tliiosulfate. After ! 5 min, this is dropped, 

cind a fiirtlier i 8 1 of warm water is added for a fmai 1 0 min. wash. 
30 The fabric tube is removed, centrifaged. and dried for 50 min. in a tumble 

dryer. The tumble-dried knit tube was allowed to condition under A>\TCC conditions 
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(65% Relative humidin' ± 2% and 70 F ± 2} for at least 24 hx. (until no further ^veighi 
change was observed), and the dried weight is recorded. 

Repetitive Laundry Testing 

b The biopolished tubes are sectioned into six eqnal leii^h sections, and rejoined 

by seaming on the inside of the rabe. Three of the completed tubes, containing 5 
different sections are then submitted to the AATCC Laundering Test Method 124- 
1996, enipioying AATCC 1993 detergent Tubes are removed from the testing at 5, 
15, and 30 cycles, and baliast, in tSie form of greige cotton interlock tiibes, are added to 
10 achieve the 1 .8 kg load mandated by this method. 

Results 

15 N«-Martindale PiHing 

The amount of pilling is determined by mounting the fabric specimen samples 
on a Nu-Martindale pilling tester. This unit has a counter, which counts the nimiber 
of revohitions, which the fefaric has experienced. It automatically shuts off after 125, 
500, and 2000 re volutions allowing tlie operator to make a visual conipai-ison of the 

2 0 amount of pilling with staxidards supplied with the unit. The whole operation is run, 

as is ASTM Method D 4970-89. The measurement scale goes from 1 .5 to 5, witli 
tiie upper values representing no/Uttle pilling at the point where the observations are 
made. 

The results are shown in Figure 3. It appears that in each of these three 
25 cellular preparations, the method using the biopolishing step betvveen scouring and 
bleaching provide superior pilling results. It appeal's thai belter pLUing results are 
obtained using either the mixhne or the multicomponent enz>'me. 

Pilling Baring laundering 

3 C To more clearly determine the degree of pilling during normal use of ifae fabric, 

piliing is obse.rved while the fabric Is subjected to the Figure 4 provides the pilling 
response obser\'ed during the AATCC Laundering Test Method 124-1996. This 

IS 
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method specifies the use of AATCC 1993 detergent to remove variability from the 
source. 

The visual grading of these fabrics after 5, 1 5, and 30 cycles is shown in Figure 
4, This rating assumes aa arbitrarj' scale where a 5 represents the best appearance, 
5 and this decreases as it moves to a lower value. There is a discrepancy in the 

appearance of the original fabrics bet\veen ti'.e cellulase treated and the mn-enzyme 
treated fabrics. The quality of the appearance of all of the fabrics decreases with 
increasing wasking and dning cycle.s, yet the ceiiulase treated saiiples seem to hold 
their own after 1 5 laundry cycles. The quality of the control fabrics continues to 
i 0 degrade with increasing laundty cycles. 

In contrast to the Nu-Martindaie pilling results obtained In the previous 
section, there Is little or no difference between the Ceilusoft L-ltra™ monocomponent 
treated fabric, and the other fabrics treated with a muUxcomponent celMass. This is 
an important difference between the two pilling methods, and would denionstrate that 

1 5 with this proce,ss sequence, a ceiiulase treatment, and not neces.sarily the r\'pe of 

cellulase preparation is the important factor. 

Physical Property Changes 

The loss of burst strength (Mullen) is shown in Table 3. The trends are similar to 

2 0 those obtained earlier using the .scoured, bleached, and dried cotton interlock fabric. 

The greatest fabric, strength damage occurs with the THchoderma, with less damage 
being done as tire amount of Ceilusoft Ultra" increases. Again, there is only a slight 
decrease in burst values in enzyme treated samples. 
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Tabic 5 

Burst Values for Treated Cotton Interlock Fabrics 
(Ave, of 10 readiags/sanipie) 



Sample 


AVERAGE, psi 


Wash Oniy 


108,3 


Sco«r -5- Bleach 


103.8 


Celiusoft Ultra™™ 


101. 1 


Mixture A 


99.9 


Celtusiift L™ 


98,1 



Example 3 

Experimental 
Equipment 

Wemer-Mathis JFO jet dyer, sold by Wemer Mathis, U.S.A., Concord, NC. 
Nu-Martindaie pilfmg tester, Jajties H. Heal, and sold by Crosrol, Inc., Greenville, 
S.C. 

Mullen burst tester, manufactui'ed by B. F. Perkins, Cliicopee, MA. 

Macbeth OMS-1 Optiview, maivafactured by Macbeth Division, Kollmorgen Instr. 

Corp., New Windsor, NY. 

Balance, pH meter, etc. 

Tests/Analysis 

Fabric weight loss, visiiai check for liberated fibers in spent liquors, brightness/color 
response, pilimg (Nu-Martindale), /V.\TCC laimdr; evakiation Tcsi Method 124- 
1996, with visual pill examinauon after 5, 15, and 30 cycles, and Mullen burst test on 
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fabrics after scounbiopolishrbleaeh treatment. 
Chem icals/Eaxymes 

Enzymes: Celiusoft Ultra", 1 62 ECU/g (Novo Nordisk, A/S); Celiusoft L", 810 
EGU/g (Novo Nordisk A/S); Mixture A, 302 EGU Celiusoft L'" -i- 1 12 ECU Celiusolt 
Ultra" /g 

Builcr. i.).05 M sodiuin acciate, from sodiuvn acetate irihydrate, adjusted to pH 5 ± 
0,1. 

Sodsurn siiicate, 42 'Be, containing 14% NaOH and 27% Si02 (Aldrich Catalog item 
33,844-3) 

Fabric: An uiibleached cotton interlock knit fabric is used as test fabric. The vveight of 
this fabric is - 200 g/ sq. meter. 5.5 m lengths of the fabric is cut, slit in half along the 
long axis of the fabric aiid rejoiiied to make atiibe having a weight of >800 g. llicse 
tubes can be conditioned under AATCC condition.^ as described in the previous 
examples and weighted jiist before the jet drj'er treatment. They wdl be loaded into 
the jet after wetting out in a washer, followed by removal of excess water in tlie Bach 
cer^ifuge. 

Conditions for Individual Steps: 

Alkaline Scour 

The alkaline scour is run using 2.5% sodium hydroxide owf (ass 50% aqueous 
sodium hydroxide) and a surfactaiU at 0,5% owf. The scouring is done using a 12:1 
liquor; goods ratio, and 90 C for 60 min. The desired flow rate is ~ 75 i/min, and is 
determined by foam levels in the unit. The winch speed setting is 13, which 
corresponds to & fabric .speed of 16 lu'min. 

At the end of the scouring viq'ie.".ce, warm water is added to represeni an 
overflow wash condiiioii, juvi 'h^- ;■: n::: r-.-- :-j;t-:o', c ihc residual caustic, 1 'his iicjuor 
is unh cooled to 71 C, then dropped and glacial acetic acid (-1% owft will be added as 



a 2(}:1 Iiquor:gooGS ratio to attempt to bring the fabric pH doun tCf about pH 5, 
BiopoUshing 

The biopolishing stage is nm at a iiquorrgoods ratio of 10:1 containing 0.1% 
surfactant owf. The buffer used is 0.05 M sodium acetate at pH 5 OJ); a 
concentrated buffer solution Is added to me leqiiued \ohimc of v^arn vnncr tlie jet 
..••iC' s hoUnig Ui'k Ihv' dill rt\ h fT'^- -^'.t on ''>i-'e - <. i 1 w.^d to 

cucdU'e Jii.rjj'h the jet d^or .o. looui 5 mm bvlore wjU V.w i ^ a ''00 mi auquot 
ubci *u iiJtasujc the hquoi p { 'i tie rJUs 1 un, smell anjoimts of glacial acetic acid 
is added to achieve the target of 5 -^-Z- 0, i . 

Once tlie pH is achieved, the unit is programmed to ma for 60 nain at 55(C. 
The enzyme is added when this temperature is achieved. At the end of the 60 min, 
biopoiishing period, tlie liquor is dropped, although small amounts are removed to 
examine for the presence of liberated fibers. Again, the fabric is run across the winch 
for a short period to strip any free liquor from the fabric. 

Peroxide Bleaching 

Sufficient water is added to the jet from the holding tank so that the total will 
provide a 10:1 iiquor:goods ratio. The additives include the lubricant, Mtdtiplus 
added at 0,75 g/1, the surfactant Kierlon TX 199"" added at 1 g/ 1 and the stabilizer 
Prestogen added at 0.4 Multiplus'^ , Kierlon TX 1 99* and Prestogen are 
obtai ei' "iom B <\Sr A^Her the->e mater) h aie dissolved m unf^'ent v-aie- -tid added 
to tilt M li- 

the nquoi .i xn di^ ]c jt i p.orrammoii lo acniL.e a i.ei^pcratuit cr 9 ■> C, and *o 
remain there for 45 min. 

Hydrogen peroxide, 50 wt %, is weighed out to provide 1% of 100% active 
material owf. It is added to the jet dyer when the terapsrature achieved 66 C. 
l-oarning may be obser/ed at ihis stage and the liquor fiow may need to be slowed to 
minimize the foaming poiential. 

After 45 min. at ihis tempefature, tlie ilquor is dropped {aev/eredt, but liquor 
samples ai-e collected io visually examine for the presence of fibers liberated during the 



process. The fabric will be rinsed for 10 mm. with warm (71 C) water (20:1 
iiquor/goods). After 10 minutes, iliis is dropped aiid a repeat wami water rinse is 
performed. After a cool (38 C) rinse, ths excess caustic and peroxide are considered 
to be removed from the tube. 

The fabric tube is removed, centrifuged, and dried for 50 min. in a tuinble 
dryer. The lint is removed ajid weighed, and the fabric was dried for a further 20 min. 
The tumble-dried knit tube is allowed to condition under AATCC conditions (65% 
Relative humidity ± 2% and 70 F ± 2) for at iea.st 24 hr. (until no farther weight 
change was observed), and the dried weight is recorded. 

Repetitive Laundry Testing 

Approximately 0.5 m of each of the samples are sectioned and reassembled 
into tubes so that a segment from each treatment condition will be inciuded. The two 
outboard samples will comprise a saiiiple subjected to just scour^fcach at one end and 
a ccDtroi with no treatment beyond wetting at the other end. The target weight of 

these tubes will be no more timn 600 g, so that three of the tubes v/ill achieve 1,8 kg, 
the fabric weight used for the AATC-C laundr>' performance test. They are laundered 
according to the provisions of this test ajid tubes are removed after 5, 1 5 and 30. 

Keisnlts 

Ntt-Martiadale Pilling 

The amount of piiling ts determined by mounting the fabric specimen samples 
on aNu-Martindale pilling tester. This unit has a counter, which counts the number 
of revohjtious, whsch the fabric has experienced. It autonnaticaliy Khut:^ otT after 125, 
SCO, and 2000 revohmons allovving the cperaior to make a visual comosrison of the 
amount of pilling with standards supplied with the unit. l"he whole operation is nun 
as is ASTM Method D 4970-89. The measurement scale goes from 1 .5 to 5, with 
tlie upper values representing no/iittle pilling at the point where the observations are 
made. 

The results are shown in Table 4 below. 
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Table 6 

Pilling Vaiues of Treated Fabric 



SarapJe 


125 


500 


2000 


None 


2,5 


2,0 


1.7 


.7.5 FX'Vg Celiusoft 

Ultra" 


4.0 


3.3 


2.7 


1% Mixture A 


4.7 


4.0 


3.2 


l%CellusoftL 


4.5 


3.8 


3.2 



It appears tiiat in each of these three celiula.se preparations, the inetiiod using the 
5 biopolishing step between scouring and bleaching provide superior pilling results. It 
appears that better pilling results are obtained using either the mixture or the 
muJticomponent enzyme. 

Pilling Daring Laundering 

10 As practiced in Example 2, knit fabric tubes made up of segments from the 

treEittnent conditions used here are subjected to the AATCC Laundering Test Method 
124-1996. .-^gain, the ,^TCC 1993 Detergent is used in the laundsnng tests. The 
tubes are removed after 5, 1 5. and 30 laundering cycles using tljis test. 

RatJior timn using a nunuirioai a^aie to r<.in>: the -wount of piling wh'ch 

: occiirrod ai each of these junciurt3, the jegment.- in tlie individual tubes arc 

iubjec'.ivch' compared. Even aftci 30 laundering cycles. A ib difficult to discern 
differences between any of the cer>u!a.se treated fabrics from this series of runs. There 
is, hovvever, no difScuity in observing large differences bet-ween the celluiase treated 
fabrics arid tlie conti-oi fabric sanjples, x^^-ither untreated or scoured and bleached. 

20 

Physical Property Changes 

The loss of burst strengtii (Mullen) is shown in Table 5. Again, there is only a 
slight decrease in burst values In enz>^me treated samples. 
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Table 7 

Burst Values 



Sam pie 


Average Burst Value (psii) 


Wash only 


1333 


Scotsr/Bieach 


120,1 


2.5 ECU/g CellusoftUitra 


110.4 


1% Mixture A 


118.5 




111.7 



5 The invention described and claimed herein is not to be limited in scope by the 

specific embodiments herein disclosed, since these embodiments are intended as 
illustrations of several aspects uf the invention. Any equivalent embodiments are 
intended to be within the scope of tiiis invention. Indeed, various nK>dincation.s of the 
invention in addition to tlwse shown and described herein will become apparent to 
iO those sidHed in the art from the foregoing description. Such modtficaiipns are also 
intended to fal.} within the scope of the appended claims. 

Various references are cited herein, the disclosures of wiuch are incorporated 
by reference in their endrsties. 
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WHAT IS CLAIMED IS: 

L An improved process for treating a 100% nondyed csilulose fabric with cellulase 
comprismg scouring said fabric imdcr alkaline conditions, treating said fabric with 
ceOuIase bleaching said fabric and drying tlie fabric, the improvemem comprising 
treating said fabric with ceiluiase after scouring and before bleaching. 

2 . Ths process according to ciaim i , in which said ceilulosic fabric is a cotton fabric. 

3. T'he process according to claim 1 , in which said fabric is scoured by treating said 
fabric with one or more scourii-g agents selected from the group consisting of sodium 
hydroxide, soda ash, phosphates, and surfactants. 

4. Hie process according to claijEn I in which said fabric is treated with at least one 
scouring agent for about 30 min. to 90 min. 

5. The process according to ciaim 1 in wMch said fabric is treated with at least on 
scouring ageiu at a temperature between about 80 and about lOOoC. 

6. The process according to claim 1 , in which said ceilulase is a multicomponerit 
celldase. 

7. The process according to claim 8, in which said celMase is derived from 

Trichoderma. 

8. The process according to claim 1, iri wiiich said celiuiase is a monocomponent 
ceilulase, 

9. The process according to claim 1, m which said ceilulase is a monocomponent 
ceilulase. 



10. The process according to claim 10. in which said moiiocomponent ceiluiase is 
derived from Humicolci 

1 1 . The process according to claim 1, in which said ceUuiase is a mixture of a 
multiconiponent m\d tnonocoinponeiit ceiluiase, 

12, The process according to claiin 1, in which said fabric is treated with celMase at a 
pH between about 4 and about 9.5. 

13, The process according to claim I, in which said fabric is treated with celiulase at a 
temperature beiweett aboui 10 and about 65 C. 

].4.The process according to claim 1, in which said fabric is treated with ceiluiase 
between about 1 minute to about 72 hotirs. 

1 5. The process according to ciaiiri 1 , In which said fabric js treated with celhilase at a 
pH between about 4 and about 6,5. 

16 The process according to claim 1 5, in which said fabric is treated with between 
about 200 and about 2,000 EGU/:^g fabric. 

1 7. The process according to claim i, in which said tabric is treated with ceiluiase at a 
pH between about 6,5 and about 9.5. 

! S r-jo prui.1. St .\ t,or :u ^> tu 1. - n 1 i whK b said fabric is treated with between 
ab^)a^ 1 ,uut) .ind .i'^ ^ J >,i ' < CU' Kg faonc 

19. The process according to claim I, in which said fabric is bieached vsatii at least one 
bleaching agent selected from the group consisting of hydrogen peroxide, sodiunt 
hypochlorite and sodium chlorite. 
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20,Tlie process according to ciaim 1, ia which said fabric during tlie bleacliiiig step is 
treated with a bleaching iiquor comprising a bleaching agent and a surfactant. 

2 i . The process according to claim 1, in which said fabric during the bleacMng step is 
5 treated with a bleacMng iiquor comprismg a bieacMng agent and a surfactant. 

22,Th£ process according to claim 1, in which said fabric during the bleaching step i.<j 
treated with a bleaching liquor comprising a bleaching agent and a lubricant. 

10 23. The process according to claim i, in vvhich said fabric during the bleaching step is 
treated with a bleaching liquor comprising a bleaching agent md a stabilizer. 

24,The process according to claim 1, in which said fabric during the bleaciiing step is 
treated with a bleaching liquor comprising a bleaching agent, a lubricant, a surfactant, 
15 and a stabilizer. 



25, The process according to claim 1 in which said fabric is treated with at least one 
bleaching agent at a temperature between about 45 and about 80oC. 

20 26. The process according to claim 1 which further comprises after step ( c) and before 
step (d) a dyeing step. 

27. A process for reducing pilling during at least one laundry cycle in said fabric 

comprising: 

25 (a) scouring said fabric under alkaiirse conditions; 

(b) treating the scoured fabric of step (a) with cellulase; 

(c) bleaching the treated fabric of step (b); 

(d) drying the bleached fabric of step (c). 
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